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Np!^ Abstract 

The nitride semiconductor light emitting diode is characterized that the conductivity transparent 
oxide layer layer (28) of the formed mesh type is included on the n-type ohmic contact metal 
layer (16): n-type ohmic contact transparency metallic layer (25): formed on the top contact 
layer (24) and n-type ohmic contact transparency metallic layer (25) formed on the lower 
contact layer (12) which the p-type nitride semiconductor layer (29a) and n-type nitride 
semiconductor layer (29b) are successively laminated and is exposed by the etching of the top 
contact layer (24) and the top contact layer (24): active layer (13) comprised the tunnel junction 
while being formed on the active layer (13): active layer (13) consisting of the nitride 
semiconductor while being formed on the lower contact layer (12): lower contact layer (12) 
which is made of the n-type nitride semiconductor while being formed on the substrate (10). 
According to the present invention, the conventional disadvantage which the p-type nitride 
semiconductor is used for the top contact layer can be overcome. Moreover, it is smaller than 
the nitride semiconductor on the n-type ohmic contact transparency metallic layer (25). With 
making the current spreading facilitated by forming the material having the refraction which is 
greater than the protective film such as an epoxy and silicon oxide into the mesh type,, the light 
generated in the active layer (13) of LED is effectually, effectively taken out to an outside and the 
external quantum efficiency is maximized. 



£ iJ-Sofl cc^ H!*#&[£x-H tt»±*fe, 715(10) go| o.n S4»B*£E*l3 olf-oixi-e 

Sf¥a^t(12); *rYS^S(12) ^Oi| S££|Q1 g*gtfH*|£ 0|^OjX|^ #£#(13); «4 H S(13) 
&0|| g^£|oi pg H^#«*E*JS(29a) a n§ SS*gtf5E*H §(29b)0| £*^S3 3 £s\q\ 
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o|^fe ^S^#(24); »£#(13) S! &*3^t(24)2| a| 2*08 s|«H inS^lfe Sr^34S(l2) 
#ofl nS £S1S^S^S(16); ^S*§(24) &o)i g^£|-b nS £^3SHf-?2^§(25); 

S! £3J3^¥S^§{25) &o)| Dj|4|g2| -¥-S^Sf^S(28);# ?a|&Kr 

£§°5 g-ch £ ttgo|| P S 3£r#&£*8# AjgShfe. §EH|°J =a 

aaa^acfe 5 Site #§« mi^SeilS S^S«S^ 2-fpSr£r£ go|*M| &4 

oil LEDSj S^#(13)ol|Aj S2f5j°S #0iL|jO) sj « ^ifi S|cHSF « ^ a 

* at*. 



lipl Description 

■ Brief Explanation of the Drawtng(s) 

Fig. 1 is a drawing illustrating the cross-sectional view: drawing: cross-sectional view: optical 
path drawing: drawing 5 which Fig. 4 illustrates the external quantum efficiency improvement is 
the example of the transparency conductivity transparent oxide layer layer (28) pattern according 
to the present invention Fig. 3 illustrates the nitride semiconductor light emitting diode Fig. 2 
illustrates the extrication critical angle of the light for illustrating the conventional nitride 
semiconductor light emitting diode. 

E 2^ if$ SMRS AS £S; 

£ 3£ £ £go( ccf- S*rSBfE*l ^3±*r« gBSPI flft BSE; 
£ 4fe # a-Sofl °|th °J4i§ fl£ §ge £S; 



<The description of the reference numeral about the main part of the drawing> 
< f£ "■&o)| cflS -MS > 

10: substrate 11: buffer layer. 
10: 11: fcHffi|§ 

12: lower contact layer 13: active layer. 
12: 8**9*3 13: 

14. 24: top contact layer 15: p-type ohmic contact transparency metallic layer. 
14, 24: ^S^S 15: pS 2°-!a^fS5^§ 
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16: n-type ohmic contact metal layer 17, 27: bonding pad. 
16: nS £S|S*S^§ 17, 27: -&S^H 

25: n-type ohmic contact transparency metallic layer 28: conductivity transparent oxide layer 
layer. 

25: nS a5|fl**S3*r8 28: £S£ ?S^ D 4§ 

29a: p-type nitride semiconductor layer 29b: n-type nitride semiconductor layer. 
29a: pS a*r#BJE*3 29b: nS aatftttEflS 

a Details of the Invention 
■ Purpose of the Invention 

• The Technical Field to which the Invention belongs and the Prior Art in that Field 
The present invention relates to the nitride semiconductor light emitting diode (Ill—Nitride 
compound semiconductor light emitting device), particularly, to the nitride semiconductor light 
emitting diode which the refractive index is little than the nitride semiconductor and it makes the 
current spreading facilitated than the protective film such as an epoxy and silicon oxide by using 
the transparent conductive layer of the mesh type in which the refractive index is large and 
effectually, effectively takes the light generated in the active layer of LED out to an outside and 
increases the external quantum efficiency. The nitride semiconductor referred to the present 
invention refers to Al x Ga y In 1-x _ y Ns (0 <x <1 , 0 <y <1 , x + y <1). 

rr SJ-S-S- atH-a[£x| BJ§:£XKlll-Nitride compound semiconductor light emitting device)oi| & 

sis si^s &2m2.^ goimoi si « oi X \ §7wa ^nm^n *t%±xto\\ %o\c\. 

& tfgoilAi e^±=- fi*rSB.r£*|fc Ai x Ga y In 1-X ^N (0 <x <1 , 0 <y <1 . x + y <1)» 8t»ch 

Generally, the nitride semiconductor light emitting diode successively performs crystal growth of 
the top contact layer (14) consisting of active layer (13), and P-type nitride semiconductor 
consisting of lower contact layer (12), and nitride semiconductor consisting of as shown in Fig. 
1, buffer layers (buffer layer, 11) on the substrate (10), and N-type nitride semiconductor. After 
it forms the p-type ohmic contact transparency metallic layer (15) comprised next, the top 
contact layer (1 4) and the ohmic contact doing the mesa etching exposing the lower contact 
layer (12), it produces by forming the bonding pad (17) for the electrical contact of the n-type 
ohmic contact metal layer (16) and outside. 

Sltf*| SS. B*r*ttE*l »S±*rte S. 10fl £A|§ utfit a-o|, 7|5(io) &ol| tH 2) S (buffer layer. 
11), nS I^f^ltl oi^Qix]-^ 3^S^S(12), a*r*tt£J«5. 0\^o\x\^ #^§(13), pS 

A\9\± DflAH^fi ft C|«<H| f ^¥S^S(14)2f 0|*fc p§ £°{ S 3^§(15)S 

g£ft ^ofl, nS £^S^^r§(16) S! *J7|*| o4g# ?|ft &gsHH(17)» Sg»2S*| 

The active layer (13) has the double-hetero consisting of InGaNXGaN, or it has the single- 
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quantum well composed of GaN \ InGaN \ GaN, or it has the multiple quantum well composed of 
GaN \ InGaN \ GaN \ . \ GaN \ InGaN \ GaN in other words. 

S£S(13)-S InGaNXGaNS ol^ofS ojggfK^# 347)14, GaN \ InGaN \GaNS o|^ojg £f 
ro^f^Si 5W»4. 3Err GaN\lnGaN\GaN\....\GaN\lnGaN\GaNS o|*<HS 

The photonic efficiency of the nitride semiconductor light emitting diode is divided into the 
internal quantum efficiency and external quantum efficiency. The internal quantum efficiency is 
determined according to the design or the quality of the active layer (13). And the external 
quantum efficiency is determined according to the extent in which the light generated in the 
active layer (13) comes out to the outside of the chip. 

IS «4I5(13)2| ^TflM- #«o« otaw g*j£|^, If^ *«*(13)«H|a| gHIS 9|o| 5! 

(chip)fil si^s i4fife SSEOO trfafAi S§gch 

In case of GaN or a sapphire, one person airborne or the refractive index of the refractive index 
has to exceed the critical angle so that the light come out to 1 .5 persons an epoxy. Fig. 2 shows 
the route of the air in which the refractive index is little in GaN or the sapphire substrate than this 
or the critical angle when the light progresses as an epoxy and the light kept in store inside a 
chip. The critical angle is indicated as 8 c = sin- 1 (n , ow /n hjgh ) as if it shows in the drawing and 
when the light progresses in GaN among the upper air of a chip, in the critical angle, about 23.6 
drawing is. It again returns to the inside of a chip and as indicated by the light progressing as 
the angle described in the above is the dotted line in Fig. 2 . the light keeps in store inside a 
chip. That is, the light is absorbed within the epitaxial layer inside or the sapphire substrate and 
the external quantum efficiency drastically falls down. 

GaNom A^o|(Hfi| 3¥ gS§o| i£j g7|#o|i4 g§So| 1.521 ofl^A|^ w 0 \ H27\ 9\#AM£ 
yojot oj-cK £ 2^ GaN0|i4 4^0|0j 7\&o\\M gS§o| o|Mcf ^ §7| ££^ ol\^\^ 
9!o| g«ttqs| .978^9 H«oB 7[^o\*\ ^ g ss ao|^ aojch ±&o\\M £o|^o| #7$ 
HZ 9c = sin-1(n }ow /n hjgh ) £ GaNOiW ^ 57 | f£i SSfittH gj^l^§ 

^23.6£7F Scf. ZL 0\*}2\ 2|££ S^or^ £ 20|] Ar| §Ajo M £A|E]^ t^Sf g0| S3 41^ 

S c|-a| $o\?m s\o\ 9|o| S 4l^o|| 7Hf(H x|7fl gcf. a «[o| oM^tlS Mi-¥ SE-b a^o|cH 7| 
CHI S^s|o| ?m ^go| 33*1 101A|7)| @cK 

In the meantime, the nickel (Ni) or the gold (Au) is very much used as the p-type ohmic contact 
transparency metallic layer (15). The enough transparency has to be secured and in order to the 
current spreading makes be facilitated as to the nickel., about 5nm, and the gold has to be 
thickness of about 5nm. In this case, in 470nm optical wavelength, the light which is 
considerably bad as 60% - 75% and in which the optical transmittance rate frees from to the top 
of a chip is considerably small and the external quantum efficiency is bad. If the thickness of the 
nickel or the gold is reduced, the permeability is improved but the surface resistance (sheet 
resistance) increases and the current spreading becomes bad and the operating voltage rises. 
The phenomenon that locally rushes of a chip arises and a current lowers the reliability. If it is 
increased the thickness of the nickel or the gold, the surface resistance is decreased but the 
permeability becomes bad and the external quantum efficiency is degraded. Moreover, the 
doping concentration. of the p-type nitride semiconductor comprised the top contact layer (14) 
cannot help being lower than about 3 X 10 17 cm " 3 and a disadvantage, this soon brings about 
the increment of the driving voltage that the constant resistance is considerably great. 
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t19, pS 2e{3^S3^S(15)°S Ml(Ni) Efe S(Au)o| &o\ Ah#s|fed|, g££h ^S3£» 
SSKn S# £f#o| §o|§F£s 3j. 7 | ^|sj|AH 2* 5nm, 9-e 2* 5nm2| s|o|ot £rch o| 

3^ 470nm g=r#OflA| B+a}£7|. 60% - 75%£<M #gS| g^S^ £JS| ^Lffife ||o| 

#E*S| SJ-oj- °W s#0| ufSLCr. sfe. =o| =^gg go|S f-^ISrr ?H-ijSji4 3*1# 
(sheet resistance)o| #7f^aj a* s#o| u^x|ah §5} g°fo| yt^, S#7| SJ£| ^5j£ S 
S^lt S#o| It^sloi aisI^S ^SW?U1 gc|.. gs| feajQ 3*1#-B ftcns 

£*||o| £ g ^£7h 3 X 10 57 cm - 3 §£S ^ iftOll 8*0^ *l#0| #9©| a. £So| 



• The Technical Challenges of the Invention 

It are an object of the present invention to provide the nitride semiconductor light emitting diode 
which does not use the p-type nitride semiconductor as the top contact layer but the n-type 
nitride semiconductor uses the pn tunnel junction layer which is in the upper part, and in that way 
it overcomes the problem when using the p-type nitride semiconductor as the top contact layer, 
and simultaneously, more makes the current spreading facilitated by more forming the 
conductivity transparent oxide layer layer into the mesh type on the n-type ohmic contact metal 
layer bordering the upper part of the pn tunnel junction layer and exists, while nots lowering the 
optical transmittance rate. 

nil umwy^nn m\ sit P n Nystms P s ast-#ei£^i# ^a^§°s 

MSrS aflsj ^*||S# §a|o||, pn E|ygS#a| ¥|o|| g^tf «*!SHr nS S^S^^S 

## soisw m ^ sit ssh#ei£*e ^s^^s ^gs^i aic r . 



■ Structure & Operation of the Invention 

The nitride semiconductor light emitting diode for achieving the technical problem is 
characterized that the conductivity transparent oxide layer layer of the formed mesh type is 
included on the n-type ohmic contact metal layer: n-type ohmic contact transparency metallic 
layer: formed on the top contact layer and n-type ohmic contact transparency metallic layer 
formed on the lower contact layer exposed by the etching of the top contact layer and the top 
contact layer: active layer which the is shaped the p-type nitride semiconductor layer and n-type 
nitride semiconductor layer are successively laminated on the active layer: active layer consisting 
of the nitride semiconductor while being formed on the lower contact layer: lower contact layer 
which is made of the n-type nitride semiconductor while being formed in the top of the substrate 
and is comprised the tunnel junction. 

#7| 7|#*j 9|£r £ ^gofl El|# S^#«t = zfl l^^ir, 7|ff #Ofl nS 

ISftS}£^l£ 0\*OiX\£ SPrS^S; #7| stag&a At-oj| gg£|t>| g 3*^^*13. 0|^OiXj-& 
tr41§; #7| #011 t^/Hs] od p g SSf#y£«flS 3J nS aSr#S.r£E*l§0| ^f*j£S *j§ 

s|oj Eiygfh# o|^fe #^3^S; #7| §j #7| #^g^a| ^2|ofl °]s|| t#£|t #7) 
&l^a^# #o|| S#£|t nS sejg^^g; #7| #^3^# #oj g#s!t nS £S|S*^SJS 
^S; * #7| n£ #o)| §#s|fe Pii^gai jes# f-S#^et§;§ -?u|s, L t 3d 

It is preferable that a mesh is the upper end portion is pointed. 
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It is preferable that the conductivity transparent oxide layer layer is smaller than the nitride 
semiconductor. It has the refractive index which is greater than the external environment 
positioned on the top of an oneself. For example, the epoxy or the silicon oxide etc. can be 
given of this external environment. 

£PI £ES£! 4PI fi»Stt£*|ficlfc. #^o\\ 3*|SKr fil^gSfi ci- 

te € gats 3Jo| y^^cK o|E^oh s|«fggo| oii*a| ee± ±m^t± if 

The conductivity transparent oxide layer layer is made of ITO or ATO, or the conductivity 
transparent oxide layer layer can be made of these combinations. 

£PI 5E2£J ITO ££te ATO^ 0|*0j*|?l«4, 0|«fi| 0|*tHS ^ 21 Df. 

The n-type ohmic contact transparent electrode layer is made of one selected from the group 
consisting of the ni, au, ti, cr, ir, al, pt, ru and Rh or it can be made of selected two or more 
combinations. 

#7\ nS a&!fl*¥ea^Se Ni, Au, Ti, Cr, Ir, Al, Pt, Ru, §! Rh o|^o)2 2£^N 

a o\± *ms o\^o\x\?m ^ oi^si 5S o? oi^oja ^ sick 

Hereinafter, it circumstantially illustrates with reference to drawings attaching the preferred 
embodiment of the present invention. As to the same reference numeral as Fig. 1 , while showing 
the element performing the identical function, it omits the repetitive description. 

It has the normal knowledge while being presented in order to understand the content of the 
present invention, it can do many deformation in the technical mapping of the present invention. 
Therefore, it does that the scope of right of the present invention is restricted to such 
embodiment and it should not be kindhearted with the stone measure o . 

0\Z)\2\ 4JA|0f|-Er £ ^goj Lf|§^ 0|«|S}7| $\n Af|A|S 7$<£ ffO|D4 £ gOW\M §Mo| x|A1# 7\ 

3 £ 7|#3H A^L||oi|Ai ye £gg a- ^ sick cc^iAi, £ tfSsi aai«fl^o|E| 

Fig. 3 is a drawing illustrating the nitride semiconductor light emitting diode according to a 
preferred embodiment of the present invention. Referring to Fi g. 3 . the top contact layer (24) 
has the p-type nitride semiconductor layer (29a) and the structure of the n-type nitride 
semiconductor layer (29b) being successively laminated and being comprised the tunnel junction 
to a convention. Therefore, the n-type ohmic contact transparency metallic layer (25) for being 
comprised the n-type nitride semiconductor layer (29b) and ohmic contact to a convention 
instead of exists in the top contact layer (24) with the p-type ohmic contact transparency 
metallic layer (1 5). The bonding pad (21) contacted ohmically for the electrical contact of an 
outside with this is formed on the n-type ohmic contact transparency metallic layer (25). 

£3^-£ ^°3°| ^JA|ot|oi| ate 9fi}*ttEJ| tf3±x}ft fl»£flo|cf. £ 3# &2*B, 
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§2j|s>|- Sa| £H?g^(24m PS S^#£.^xflS(29a)^ n§ S^l-&}£^§(29b)o| 
£)^a&§ o|^fe ?>^c|-. ^EW, 4^a^#(24) ^o)|^ gefls} s^l 

^£*(|S(29b)^S^a^« 0|^-7| ^ng S^^^^S5^S(25)o| pg 
(15) qiiloii e^B*WI S^r. nS £S(S4*S34r«(25) &o\\h 33* fl«foj o| 

The substrate (10) can be made of the sapphire having the transparent feature, and gaN or SiC. 

7|&(10)€ ^Wfe A^oloj, GaN £E^r SiC£ o|^.<HS ^ SicK 

As shown in Fig. 1 1 it is necessary to have the p-type ohmic contact transparency metallic layer 
(15) in case of using the p-type nitride semiconductor as the top contact layer (14). As 
described above, thecombination of Au and.Ni is used as the p-type ohmic contact 
transparency metallic layer (15). But in this case, the permeability is low and the external 
quantum efficiency is low. The surface resistance is big. It has the disadvantage that the high 
driving voltage is required disadvantage has a great the constant resistance with the p-type 
nitride semiconductor 

(15)o| U&fj-cil, p9 £^3^¥S^#(15)£>£fc 4rgff«Wffo| AuS| 2fr0| A^Scf. 
nam o| ^2|£7r yoW a| Jf o}x[ s#o| yi, a*|»o| an, p « a*#tt£*|SFs| 

But in order to overcome the disadvantage of being like that in case of the present invention, the 
p-type nitride semiconductor layer (29a) and the tunnel junction in which the n-type nitride 
semiconductor layer (29b) is successively laminated are used as the top contact layer (14). 
Therefore, the. n-type nitride semiconductor layer (29b) is used as the top layer. And it is 
necessary to have the n-type. ohmic contact transparency metallic layer (25) which is not p-type 
ohmic contact transparent electrode layer (15) of Fig. 1 as a result. The n-type ohmic contact 
transparency metallic layer (25) is made of one selected from the group consisting of the nickel 
(Ni), the gold (Au), titanium (Ti), chrome (Cr), iridium Or), aluminium (A!), platinum (Pt), 
ruthenium (Ru) and rhodium (Rh) or it can be made of selected two or more combinations. It is 
desirable to the n-type ohmic contact transparency metallic layer (25) heat-treat in order to 
obtain the good ohmic contact resistance and form. And as to the thermal anneal environment 
at this time, the mixed gas atmosphere of the oxygen atmosphere or the oxygen and nitrogen is 
good. 

n&m, £ ggsi oiehs- Ehss s\n*\ pa a^sehs£^s(29a)Bf ns a*»tt£ 

«l«{29b)o| £* r ^o^ Ejtf gtf» £r^g^#(14)^ 4§t[c|-. rx^W , n 

S a^*ttSE«l&(29b)o| a[#s|b) ( o|£°!*l E 12| pg £9!S**gS^S(15)o| o r tJ nS £9i 
a^¥SS^S(25)o| fflSLo^h nS 2Sia**83^3(25)« Mfl(Ni), S(Au), BjE^(Ti), 
(Cr), 0|E|&(|r), ^^□|fe(AI). ^S(Pt), ^MIfe(Ru) 3 £#(Rh) ^sl ol^oiS 5©S^e| 

th« nS &s|3^*S3^S(25)S a*|a|SFoj ggstfe 3Jo| a^o^, o| aH°j <H 

*|2| ^7\^ #± £?PI §±S| Z^?t± #Cf. 

In order to secure the permeability of the upper of a chip, it has to be quite tenuously formed but 
in this case, the surface resistance is increased up to the n-type ohmic contact transparency 
metallic layer (25) to about number nm and the phenomenon that the current spreading is 
difficult and a current partially, partly rushes arises. 
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§|S| m~oj=o| JMf£» *B-m W*\* ng £SJa^^S3^S(25)0| ^ nm °f 
n M%s\o\o\ sfecf o| 3*1 g-o] §7f-SK>i g# Sr;LHspreading)o| ojlU *1#7h ^soe 
#a|?|| Hjfe a^ol tf^acf. 

In the present invention, the n-type ohmic contact transparency metallic layer (25) is quite 
tenuously formed in order to solve this. The conductivity transparent oxide layer layer (28) of the 
mesh form is more formed on the upper part into a method including the etching or the lift off 
etc. The hole pattern of the mesh when looking down from the upper part is a circular and it is a 
polygon. Case, it is a square is shown in Fig. 5 . 

ft tt0o|Ajfe o[# *nssp| ^siiah n£j 20|94?9a*e(25)fi< gpi s^sha a ?|o|| &| 
A EE^ a|«" oii so) ggog m 41 (mesh) «e||2| zfiH *gtf*^S(28)S cj g£°fc|. W 
o)W me|c| S # nasi aflflsi ^s§Ej| fe £i?jo|ojE sja cwgo|o|£ £cf £ 5 o)j^ AWgej a 

As to the reason for the conductivity transparent oxide layer layer (28) to the mesh type, it 
respects that the light is efficiently emitted with the simplicity of the current spreading to the 
upper side. If it is not done by the mesh type and it forms in the n-type ohmic contact 
transparency metallic layer (25) front side, the light is unable to be efficiently emitted to an 
outside and the external quantum efficiency is reduced due to the presence of the conductivity 
transparent oxide layer layer (28). It is preferable that it forms into the mesh type in order to 
minimize the reduction of this external quantum efficiency. 

f-?>WR§(28)« oj|4|gEos 0 |4Hr g-jfSKisi goi^ ^ #go S ^01 s.m 

°£. &$s\s.m sf7| *(B0|c|-. iH|4fgEH£ *W nS £SJS^S3^§(25) S3 oil g^M* 
s|*fCK 

A mesh is desirable that the upper end portion is pointed. And figure 4 is a cross-sectional view 
for illustrating the increment of the quantum efficiency of the case in which the upper end portion 
of a mesh is pointed. The light generated around the reference lower-part ***, and the active 
layer (13) progress as the conductivity transparent oxide layer layer (28) after the top contact 
layer (24) and n-type ohmic contact transparency metallic layer (25). The progresses as the bit 
part of a mesh light is once reflected to the incline of the transparent oxide layer layer (28) and 
the light which is gone to an outside like the optical path B/6. It is refracted in the incline of the 
transparent oxide layer layer (28) and the light is gone like the optical path C/6 to immediately, 
an outside. As to the optical path D/6. after being reflected to the incline of the transparent 
oxide layer layer (28) with 2 time, it shows the case where the pipe is gone to an outside. In this 
way, all lights progressed as the transparent oxide layer layer (28) free from to an outside and 
the external quantum efficiency becomes maximized. 

&?\ Dfl^Tr fl § ^§0| %0\ UfttSI&El, £ 4^ DII4121 #^0| JBL^£ g^oj ot^ S 

§2| g?\9*i<3Z[7\ s\n Bfl£o|cf. £ 4 » S, *£S(1 3}o|| ai §ye y^gA* 
(24) » nS £9i*j*?-@^§(25)« EQ g ?S4}«f D 4§(28)2£ S|teG| 

2J S2^» ¥ft°^ B2h S0| ^g#S*et§(28)3l S4S<H| ghgj eU^o)" 

s bixj 47p|£ *tt,sas ao| +ga««t6(28)4 a^ao|A| Hsu u}£ ai^s mj-x) 
47p|£ efcK ¥S^etS(28)2| §A^oi| 2fi| «fA^ *ofl £|^£ g-o| Bir*j47fe 

2i^. 8K>I *StfSH^{28)££ £ s 5Ja 2j= s 
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The conductivity transparent oxide layer layer (28) is evaporated to the thickness of about 1 .0 
nm < t < 10,000 nm. And preferably 100nm ~ 1000nm is excellent. 

£3£ ¥S^°fg(28)-S 1.0 nm < t < 10,000 nm §£B| §^£|oi, Bri^^rr 

100nm ~ 1000nm?r ?> k So r nK 

ITO or the ATO (Antimony Tin Oxide) can be used as the conductivity transparent oxide layer 
layer (28), In case of ITO, the refractive index is known between 1 .9 - 2.1 . The refractive index 
of the GaN layer is about 2.4 and if it passes, as to the chip surface, the refractive index 
contacts the package process to about 1 .5 persons epoxy. And so that the light free from to an 
outside if the refractive index of ITO positioned at the interval is about 2.0, it becomes the quite 
suitable configuration. It is desirable to the conductivity transparent oxide layer layer (28) heat- 
treat in order to obtain the good permeability and form. And as to the thermal anneal 
environment at this time, the mixed gas atmosphere of the oxygen atmosphere or the oxygen 
and nitrogen is good. 

¥S^^^S(28)^^^ ITO SEt ATO(Antimony Tin Oxide)7 r M^S. t XI ITO^I §t 
§S§o| 1.9-2.1 A[o|^ <gzixi o|cf. GaN ga| !!#0| 2.4 S£0|H n?\x\ 2f9# *j 
£S£^3#o| o M 5 o, oi|^A|o|| g^7)| s^«h n 4o|o|| $\x\ot£ ITO^I #SSo| °?2.oo!S 

tm°-$~$(28)€: <Mx\e\*W ggsfe 3|o| u^sis^. o| t>n°| <g^a| ^|7|^ #± *<%?\ ^ 



B Effects of the Invention 

According to the present invention, it is all smaller than the nitride semiconductor on moreover, 
the n-type ohmic contact transparency metallic layer (25) with a number. Overcomes the 
conventional disadvantage of using the p-type nitride semiconductor as the top contact layer 
since a n-type uses the pn tunnel junction which is in the upper part the top contact layer (24) 
with making the current spreading facilitated by forming the material having the refraction which 
is greater than the protective film such as an epoxy and silicon oxide into the mesh type,, the 
light generated in the active layer (13) of LED is effectually,effectively taken out to an outside 
and the external quantum efficiency is maximized. 

£ tfSol £1^3, ^¥^#(24)* ngo| ?joj| 91^ pn ^fo^^ D g 

« ^a^s^si M^tr #hhsi ^^m ^ 21 c*. se&, ns ^^g^^s^s(25) m\ 
3^ §oiL{joi ^1^ ° 0 ^s§f mmm m ^ &n &t±. 

*|p& Scope of Claims 

Claim[l] : 

The nitride semiconductor light emitting diode comprising: the conductivity transparent oxide 
layer layer of the mesh type formed on the n-type ohmic contact transparency metallic layer and 
the n-type ohmic contact metal layer: n-type ohmic contact transparency metallic layer: formed 
on the top contact layer formed on the lower contact layer which is exposed with the etching of 
the top contact layer and the top contact layer: active layer comprised the tunnel junction the p- 
type nitride semiconductor layer and n-type nitride semiconductor layer are successively 
laminated it is formed on the active layer: active layer consisting of the nitride semiconductor it is 
formed on the lower contact layer: lower contact layer which is made of the n-type nitride 
semiconductor it is formed in the top of the substrate. 
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4^1 S! 4^1 ^a^#2j aj^ch! 2I8N i*£l^ &7| §1^S^§ #o|| i!4 H £|^ nS 2^13 



4^1 4^S^# 4^1 S&si-tr ng 2 a -li^fS^§; §3 
Claim [2] : 

The nitride semiconductor light emitting diode of claim 1 , wherein in a mesh, the upper end 
portion is pointed. 

*inifOii suow, 4^1 9-\ iH^oj ^gas mnm&zn v&t±*i. 

Ciaim[3] : 

The nitride semiconductor light emitting diode of claim 1 , wherein the conductivity transparent 
oxide layer layer is smaller than the nitride semiconductor; and it has the refractive index which is 
greater than the external environment positioned on the top of an oneself. 

*il1SrO|| SioUi, Ap| £S Aj EgAjifa t §2 m 7{ |i(| H j t i|fic^ x|-aJoj fl*|sl 
Claim[4] : 

With a feature is the nitride semiconductor light emitting diode a thing of claim 3, wherein the 
external environment is the epoxy or the silicon oxide. 

Claim[5] : 

The nitride semiconductor light emitting diode of claim 1 , wherein the conductivity transparent 
oxide layer layer is made of ITO or ATO; and it is made of these combinations. 

flUW XI OH, a^| f-@A^Q|.* 0 | | T q cc - AT0 ^ olj^olxl^luj. 0 | = o| 5& og 

o\*\Tt%m s^*^e*i st^±^. 

Claim[6] : 

The nitride semiconductor light emitting diode of claim 1, wherein the n-type ohmic contact 
transparent electrode layer is made of one selected from the group consisting of (he ni, au, ti, 
cr, ir, al, pt, ru and Rh or it is made of selected two or more combinations. 
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flUSWI S10\M t &\ nS Ni, Au, Ti. Cr, Ir, Al, Pt, Ru. S Rh 25. ojf-CH*! 

Claim[7] : 

The nitride semiconductor light emitting diode of claim 1, wherein it is made of a substrate is a 
sapphire, and gaN or SiC. 

Claim[8] : 

The nitride semiconductor light emitting diode of claim 1, wherein the n-type ohmic contact 
transparency metallic layer is made of the iridium; and the conductivity transparent oxide layer 
layer is made of ITO. 

*fl1S-°il 9io\M t nS 2Q|fl*¥gS*ieo| o|a|#o^ o\*o\x\ji } £gg *S£«W#o| 
ITO^ oi^-CHx|^ as ^§25 ^fe §s^e!5E*fl tfS±xh 

Claim[9] : 

The nitride semiconductor light emitting diode of claim 8 ; wherein the thermal budget is passed 
through and the n-type ohmic contact transparency metallic layer and conductivity transparent 
oxide layer layer are formed. 

*|880|| 8101*1, &;7| n ^ ODig^Bg^.qj ^.@>4^-q| S0 | oj^gq yvyj 

7|^A| 3« ^3 <=>^ *Ft ^S±xk 

Representative Drawing(s) 

RfL_3 

The quantum efficiency, mesh, critical angle, constant resistance, ITO, ATO. 
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